Исследование динамических процессов в неупорядоченных конденсированных системах методом молекулярной динамики: автореферат диссертации на соискание ученой степени к. ф.-м. н.: 01.04.02 by Хуснутдинов Р. М. (Рамиль Миннегаязович)
   	



	 
 
	

 !   !"# $% 
  &$'"  ( #   !  ( )!
) #&' *  !#
+,-+.-+/ 0 	
 1


!	1

2

  	

 	3 


 1

	0

 
# 4 /++5
  	

 
    


 	
 
  
	

 
  

 


 
 !
"
 	#  $ 
%
 &	  
 '
"
 
	
# 
 $ 
%
(
 '
 )
	 *	
+(	
 

#  $ 
%
 , - )	
 $ 
%
  . /
*0 
(# 1
 $
 

! 2!1! 3 1"4  )"
30   56  	 5778   1430 
 

(

  - 565!786!69  1
 


 
 
 *!:! ;	
<

  # =57778% !
1
% 	! 1	% 68!
. ( 
 
  

 	 !
"!:! < 1
 

 
!
) 	
   5778 !
;
 
(

 %
 !! 
%  2
 '!*!
67!' !!#))#! !6)(
!	 8 
	
- :
 
$
(  


$ $ 
  	
 
	 

     




 
 0!
>% 	% 	
 	   $ 	
$ 
% $,0$  

 %
	,  ($ ! * 
$ 
 

 ?
% $0 
 
 (%   	


 
(	
 ?
! + 	 %  
 	  
  	
%   % 
	   	 
    % % 

% 	 $ 	  !
" 
 %   	
   
 	
$ 



$  
 	 $% 

  

 	
  $ $%  	

 ? 	 0 	   
%  
 
?
! @	 % 
 

 	% 	


   $ %  	% , 



% 	  		
 
 A'-B! '
'-  	 	
  	
 +	  ;?
 

( $  ( 	 	 
 

  $ ! * 
  	 ?  



	   	
   
 	 	

 
$  

$  	
$ !
C ? 
 
 	
  '
1	%   
 
 
$ %  	 



	

 % 	,0  
 	
$ !
% 9	8   	
    

$ ( 


$ 



$  	
 $ #  		
  $ 		


$ 		$   	
  	,0$ $!
D
  	
  	,  	,0#
6! :
    		
 

 ( $ 		

$ 		 
 
 
$
$ $  ,
 	
 	
	
 
  0, 
$  

$ 
(
	 
 !   	
 	
	

 !
5! " 
  

$ 

  

 	( 	( 	
 $ 		


$ 		!
D! -	 ?$ (

$   $ 

 
 	
 
 	 
 
 %
0   ( !
=! C
%    $ 	  

 %   
  	 $ 


	
$ 	 k%  
 	 
  !
9! ;
	
%  
  
% 

,0 
 $ 


$ $  
$ 	,% 	
 % $% $  $

 
( 	
!
E!  
  
 	( 	( 	

 	 ( 	 $	

$   	 


   	
 
$ 

$  	

	 A% 	

% $   !!B%  
$ 	 
(  4
('! . 0, 
@	,  $ 
 	(   0

 

 $  	 

 
( % 
,0 0

, 	  
 


$ 	
$
!
F! " 
  $ 	
 
 	 

 
  	 
?$ 	
$
!
=
8! *	

 	
 $  	

$ ( 

 


$ 



$ !
G! C
   %  
 ( 


  
 		
 
%  
	,,
  ( 	 
$  
 

 % , 
,   	 %   	
	
 
 0!
67! ;
	
%   	  
 
$ 
 
 
 %   

  %  ?$  
 


, 
, %  $ 
 !
  2	 
 
 
	  
 	

 	

$   0,  		

 
 
$  
$  



$ 



$  	 $ %  
  $ $ 	 
 
$
( ?  
? $  	
$ $!   $ 	, H
 


 


  $ 		

$ 		 	
  		
  	,0$  	 
	
!
$		:
; 8	
8  <
=
6!  
 	( 	( 	
 	
( $ 		

$ 		!
5!  $  
, 
$% 		

$ (  
?$ 	
$ $!
D!  	 ,
 	
 		
 

 $ 		

$ 		  	,0$ 
!
=! ;
	
 k  		
$ 

  $ 		$% $	

$ $  
9
	$!
!	92
 9	8- +

 	 (

 
 		  	 
 	,0$ 

($ 

$#   
 /	(   
	
$ $ A! 1
% 1C;% 577DBI  


( " (    $
 A! '
% '; ! "!J! @
% 5779BI  

 


 

( /

	
 	  A! 1
%
1;% 5779BI KLLL 	
 

 

( 

% 
  
 / 



 

 A@	% ! 
% ;% 5779BI KLM 	
 


 

( 
% 
  
 /




 
 A@	% ! 
% ;% 577EBI
M 	 
	
 

 

( .


 	    

 A! ;% @C;% 577EBI KLK 

  ;

  		$  	$ A!  
-
% "::/  ;%
577EBI   

( " (
    $
 A! '% '; ! "!J! @
% 577FBI


 	
 

  <
577F A!
'% '; ! '!*! <
% 577FBI 
( 


 

(    
 		 NOPKLLL 
A! 2
% ;	 	
   ) "%
577FB%   
 

$ 
$   
C; A1C;B  2C;!
  	 
   
 

	
$
	
 AQ 79756EEDGRB  '
 
  

  / AQ  "C 5!6!6!F=6B!
$9
2

! C  (

  	

57 
$ %  
$ =   (
	
 

 % E
  
$ 

$ % 	, 6 ?	

 
%
67  	 
 $  
$ 

(
E
$! +
  
  	
,  (
	
 


!
 
2

- -(   
% 
$ 	% 	,
   	!   	
 

69F 
($% 	, 5D 
% 5 	(   	
 69= 


!
>!  !6)(
 	 

 
 	
 	 
	% 
 

   
 %
	, (	 	
  	
% 
 
 
0!
$  0
   ,
 
	
   


$ 



$ ! C
  

$ 	
  		
 

% 
 	
 
(	 
 
  	 		
 ?
 	 	
$

	! 1 
  
$
 
	
    	
  '
1	! * ?
 	 	
 

 $ 
	 	  
,
 	
, 	 

$ 
$  

$ $!
 	 		3  	
  $  
	
   


 



 

 0! + 

 	   
	# 	 
(  4
('  
	 

$ 

 <! -	
 ,
	  
 

 ( 
$ 


 A1;B% 	

$ 
 
 $
 (

$ 
I  
 ?$ 1;  0, $  
	I 	
 	
 
(  $% 



 
 $ @	,%   	
  	
F

 
$ 
 
 
 $
 

$ 

!
*  

 	 
(  
  ,0$ %  	 
 

$ (  $	

$ $  	$! "

 $
 

$ 

 <  ?
	

 
   

 	(

$ 
AΔn(k) ≈ Δn+1(k)%  n = 4% 5% 6% . . .B  
 
$ 	 
 
$ (  $ 		


$ 		$! * $ 

 $ 	
 	,0 

 	 
 
  $ 	
	

$ 		#
S(k, ω) =
S(k)
2π
Δ1(k)Δ2(k)Δ3(k)
Δ4(k)−Δ3(k)
[4Δ4(k)− ω2]1/2
ω6 +A1(k)ω4 +A2(k)ω2 +A3(k) ,
A1(k) = Δ
2
3(k)−Δ2(k)[2Δ4(k)−Δ3(k)]
Δ4(k)−Δ3(k) − 2Δ1(k),
A2(k) = 1Δ4(k)−Δ3(k)
(
Δ22(k)Δ4(k)− 2Δ1(k)Δ23(k) +
Δ1(k)Δ2(k)[2Δ4(k)−Δ3(k)]
)
+ Δ21(k),
A3(k) = Δ
2
1(k)Δ
2
3(k)
Δ4(k)−Δ3(k) . A6B
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ω(2)(k) = Δ1(k), ADB
ω(4)(k) = Δ21(k) + Δ1(k)Δ2(k),
ω(6)(k) = Δ1(k)[Δ1(k) + Δ2(k)]2 + Δ1(k)Δ2(k)Δ3(k),
ω(8)(k) = Δ1(k){[Δ1(k) + Δ2(k)]3 + 2Δ2(k)Δ3(k)
8
×[Δ1(k) + Δ2(k)] + Δ2(k)Δ23(k)}
+Δ1(k)Δ2(k)Δ3(k)Δ4(k),
ω(10)(k) = Δ1(k){Δ1(k)[Δ1(k) + Δ2(k)]3
+Δ1(k)Δ2(k)[Δ1(k) + Δ2(k)]
×[Δ1(k) + Δ2(k) + Δ3(k)]
+Δ2(k)Δ3(k)[Δ1(k) + Δ2(k) + Δ3(k)]
×[Δ1(k) + Δ2(k) + Δ3(k) + Δ4(k)]
+Δ22(k)[Δ1(k) + Δ2(k) + Δ3(k)]
2
+Δ1(k)Δ2(k)Δ3(k)[Δ1(k) + Δ2(k)]
+Δ2(k)Δ3(k)Δ4(k)[Δ1(k) + Δ2(k)
+Δ3(k) + Δ4(k) + Δ5(k)]},
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pj ∇j
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W1(t) = L̂W0(t),
W2(t) = L̂W1(t)− Ω21W0(t),
W3(t) = L̂W2(t)− Ω22W1(t),
. . . , AGB
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W1 = W1
{
WF1 ,W
S
1 ,W
FS
1 ,W
R
1
}
,
W2 = W2
{
WF2 ,W
S
2 ,W
FS
2 ,W
R
2
}
,
W3 = W3
{
WF3 ,W
S
3 ,W
FS
3 ,W
R
3
}
,
. . . . A67B
. 0, $
 (

$  4
(' 	


$ 	(

$ 
( A
( B
Mj(t) =
〈W ∗j (0)Wj(t)〉
〈W ∗j (0)Wj(0)〉
, j = 0, 1, 2, ... A66B
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dMj(t)
dt
= −Ω2j+1
∫ t
0
dτ
[
cFj+1M
F
j+1(τ) +
cSj+1M
S
j+1(τ) + c
FS
j+1M
FS
j+1(τ) + c
R
j+1M
R
j+1(τ)
]
Mj(t− τ),
j = 0, 1, 2, ... A65B
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M
′
2(k, ω) =
2Ω23(k)Ω
2
4(k)
√
4Ω24(k)− ω2
Ω43(k)[4Ω
2
4(k)− ω2] + ω2[2Ω24(k)− Ω23(k)]2
,
M
′′
2 (k, ω) = −
2ωΩ24(k)[2Ω
2
4(k)− Ω23(k)]
Ω43(k)[4Ω
2
4(k)− ω2] + ω2[2Ω24(k)− Ω23(k)]2
.
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